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(54) Infra-red reflecting glass laminate, 
particularly for automobile wind- 
screens 

(57) An infrared reflecting glass lamin- 
ate having at least 70% visible ray 
transmission is formed by a pair of 
glass sheets (7) with a flexible laminate 
(6) of interiayer films between them. 
This comprises a pair of polyvinyl 
butyral interiayer films (5,5') at least 
one of which includes an ultraviolet ray 
absorbent preferably in an amount of 
0.5 to 3 wt.% based on the film. Be- 
tween the polyvinyl butyral films is a 
plastics film (2) coated sequentially with 
a tungsten oxide layer (3), a silver layer 
(4) and a tungsten oxide layer (3') to 
form an infrared reflecting film (1 ). 
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SPECIFICATION 

infra-red reflecting glass laminate, particularly for automobile windscreens 

10 aluminum on a surface of a glass sheet o _coanng xne thought unsuitable 

provtde a thin metal layer or ^^^^^^^^^ are not achieved. For an automobile 

W » ~av.toi.Bth less Aran "J* . „ p „ pared by producing an 

a thickness of 180 to 500A or 1400 ;° ^ a 5 *JJ£;nj^ ■ jnfrare(j ref)ectjng plastica 

reflecting plastics fllm in disadvenlageously .~|»»"?- h , vfc , ble ray „„,,„,»*». of a 

Th. present in«untiun prav.dee an infrared MM laminate of Imorlayer filma 
l„«70%»hlolt oomprte«| 'J^^^jS^S^tSL, them an infrred reflating 

„an 8 pa,eoov end flexibility, is not bmtan. Is easfl, ^^-^^ ch , mto , The 

:rprrr,.«rx 
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ungated oxide layer which have respectively u**lr«l »^»«SSTpS«*d.. 
slluur middle layer la aulectpd buoause It has thigh "^!?^*%S5%£^^"'^ 
hua and trahamiasion hue for a wlndsoreen for an automobile. The stive' lave "J« ^ 
component hut can be modified by Incorporating anoth.t motal such as „fZ.,i™ 
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prevent reduction of the percentage visible ray transmission of the silver layer. The reflection reducing layers 
can be various non-absorbing dielectrics having a reflective index of at least 2. The tungsten oxide layer is 
selected forthe reflection reducing layers in the laminate of the present invention because of its high visible 
ray transmission and high reflection reducing effect, excellent hue, excellent adhesiveness to the silver layer 

5 and the surface of the glass sheet and desirable chemical, mechanical and optical characteristics. The 5 
tungsten oxide layer comprises tungsten oxide as its major component but can incorporate up to 1 0% of 
another additive. * . 

The thickness of each tungsten oxide layer is in a range of 180 to 500A or 1400 to 1600Ato give the desired 
low reflection, high visible ray transmission and hue. . 

10 An infrared ray reflecting laminated glass of 5 mm thickness comprising a pair of polyvinyl butyral films- 1 0 
holding an infrared reflecting plastics film coated with only a silver layer having a thickness of 180 to 500A, 
has a visible ray percent transmission of about 20 to 40%. This is not suitable for the windscreen of an 
automobile which requires a visible ray transmission of at least 70%. 
In the infrared ray reflecting layers having the three layer structure including reflection reducing layers, the 

15 percentage visible ray transmission is remarkably increased by photointerference. For example, a laminate 15 
made of two glass sheets each having a thickness of 2.5 mm usually has a visible ray transmission of about 
70 to 75%. The percentage visible ray reflectivity can be reduced to less than 1 0% and reflectivities in the 
infrared region can be maintained at high levels for example, 65% at 0.9n wavelength; 70% at 1.0^ 
wavelength and 90% at 1.5|i-wavelength. A vacuum evaporation coating method is usually employed in the 

20 formation of the infrared reflecting layers having the three layer structure on the surface of the film of the 20 
present invention. 

One example of the vacuum evaporation coating method will be illustrated. 

In a vacuum tank in 1 to 5 x 10- 5 torr, each of the evaporation coating materials is heated to deposit the 
tungsten oxide layer, the silver layer and the tungsten oxide layer in each desired thickness, on a 
25 polyethyleneterephthalate film heated at about 20 to 80°C. The silver and tungsten oxide layers can be also 25 
coated by a spattering method or an ion plating method instead of the vacuum evaporation coating method. 
It is also possible to form the silver layer by a chemical plating method and to form the tungsten oxide layer 
by C.V.D. method or C.LD. method. . 

When the coated layers of the infrared reflecting plastic film are exposed to the atmosphere, a chemical 
30 durability and a mechanical durability are inferior. In order to overcome the disadvantage and to make easy 30 
the lamination of a pair of glass sheets, the infrared reflecting plastic film is sandwiched between a pair of 
polyvinyl butyral interiayer films. The flexible laminated films are hold between a pair of glass sheets to 
press-bond them. 

When two glass sheets having each thickness of about 2 to 5 mm are laminated, a visible ray percent 
35 transmission of the laminated glass is decreased for about 5 to 1 5%. In order to provide more than 70% of a 35 
visible ray percent transmission, it is preferable to provide about 80 to 85% of a visible ray percent 
transmission of the infrared reflecting plasticfilm having the infrared reflecting layers in three layer 
structure. 

When two glass sheets having each thickness of about 2 to 5 mm are laminated, a visible ray percent 

40 transmission of the laminated glass is further decreased for about 5%. In order to provide more than 70% of a 40 
visible ray percent transmission, it is preferable to use each glass sheet having a visible ray percent 
transmission ranging from 85 to 90%. It is preferable to use each glass sheet having a thickness ranging from 
about 1 .5 to 3 mm for the laminated glass so as to be a small loss of a visible ray percent transmission. 
In the present invention, the polyvinyl butyral interiayer films 0.3 - 0.7 mm thickness sandwiching the 

45 infrared reflecting plastic film are prepared by incorporating an ultraviolet absorbent so as to intercept 45 
ultraviolet rays especially ultraviolet rays having wavelengths of less than 3900A. The ultraviolet absorbenfs 
for plastics are compounds having large uftraviolet absorption: benzophenones such as 2,4 dihydroxyben- 
zophenone; 2-hydroxy-4-methoxybenzophenone; 2-hydroxy^4-n-octoxybenzophenone; 4-dodecyloxy-2- ^ 
hydroxybenzophenone; 2-hydroxy-4-octadecyloxybenzophenone; 2,2' dihydroxy-4- 

50 methoxybenzophenone; 2,2' dihydroxy-4,4' dimethoxybenzophenone; 2,2' dihydroxy-4- 50 
methoxybenzophenone; 2,2', 4,4' tetrahydroxybenzophenone; 2-hydroxy-4-methoxy-5- 
sulfobenzophenone; 2-hydroxy-4-methoxy-2'-carboxybenzophenone; 2,2' dihydroxy-4,4' dimethoxy-5- 
sulfobenzophenone; 2-hydroxy-4-(2-hydroxy-3-methyl aryloxy) propoxybenzophenone; and 2-hydroxy-4- 
chlorobenzopheone; . 

55 benzotriazoles such as 2(2' hydroxy-5-methylphenyl) benzotriazole; 2(2'-hydroxy-3',5 -ditert-butyl phenyl) 55 
benzotriazole; and 2(2' hydroxy-3'-tert, butyl-5'-methyl-phenyl) benzotriazole; 
salicylates such as phenyl salicylate; carboxyphenyl salicylate; p-octylphenyl salicylate; strontium 
salicylate; p-tert, butylphenyl salicilate; methyl salicylate; and dodecy! salicylate; 
and also other ultraviolet absorbents such as 

60 resorcinol monobenzoate; 2' ethyl hexyl-2-cyano; 3-phenylcinnamate; 2-ethyl-hexyl-2-cyano-3,3-diphenyl 60 

acrylate; 

ethyl-2-cyano-3,3-diphenyi acrylate; 
[2-2'-thiobis(4-t-octyl phenolate)]-n-butyiamine nickel; 

asymmetric oxalic acid diaryl amido (A-NH-Co-Co-NH-B); # 
65 aromatic dihydric compound such as the ester derivatives of 4,4-bis(4'-hydroxy phenyl) pentanoic acid; 6b 
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oxyganosilicon compounds, ex. 
0 

5 R 4 -R 3 -C-0-R 2 -SiX 3 - n 5 

R 1 n 

0 

10 * II 10 

R 4 -R 3 -C-0-R 2 -Si0 3 _- n 

I 

R'n 

15 (R 1 : monovalent hydrocarbon radical, 15 
R 2 : divalent hydrocarbon radical, 
R 3 : divalent hydrocarbon radical). 

The ultraviolet absorbent is preferably incorporated at a ratio of 0.5 to 5 wt % based on the polyvinyl butyral 
interlayer film, for example, the ultraviolet absorbent is incorporated at a ratio of 1 to 5 wt. % for a polyvinyl 

20 butyral interlayer film having a thickness of 0.3 mm and at a ratio of 0.5 to 3 wt. % for a polyvinyl butyral 20 
interlayer film having a thickness of 0.7 mm. 

The ultraviolet absorbing polyvinyl butyral interlayer film is preferably used for each of the polyvinyl 
butyral films used in both sides of the infrared reflecting plastic film. In some case, it is possible to use the 
ultraviolet absorbing polyvinyl butyral interlayer film only for the outer or inner polyvinyl butyral interlayer 

25 film for an automobile. When the ultraviolet absorbent is incorporated in the polyvinyl butyral interlayer film, 25 
the molecule of the polyvinyl butyral can be stabilized by the oxidation inhibiting effect and ultraviolet ray 
absorbing effect of the ultraviolet absorbent, whereby a humidity resistance can be improved to increase the 
durability of the infrared reflecting plastic film. 
The ultraviolet absorbent in the polyvinyl butyral affect to the tungsten oxide layer so as to prevent the 

30 deterioration of the tungsten oxide layer. This is the significant effect of the combination of the ultraviolet 30 
absorbent, polyvinyl butyral and tungsten oxide layer. It is preferable to use the ultraviolet absorbing 
polyvinyl butyral interlayer film so as to contact with the tungsten oxide layer. 

Incidentally, it is also possible to incorporate a ultraviolet absorbent in the polyethyleneterephthalate film 
on which tungsten oxide layer is formed. The kind and quantity of the ultraviolet absorbent are the same. 

35 Rgure 1 shows schematic sectional view of the infrared reflecting laminated glass foran automobile as 35 
one embodiment of the present invention. The infrared reflecting plastic film (1) comprises a 
polyethyleneterephthalate film (2), coated with a tungsten oxide layer (3), a silver layer (4) and a tungsten 
oxide layer (3 # ). The infrared reflecting plastic film (1) is sandwiched between a pair of polyvinyl butyral 
interlayer films (5), (5'). The flexible laminated films (6) are sandwiched between a pair of glass sheets (7), 

40 (7') to form the infrared reflecting laminated glass (8). v 40 
In the embodiment shown In Figure 1 the infrared reflecting plastic film (1) is sandwiched between pair of 
polyvinyl butyral films. It is also possible to superpose one or more polyvinyl butyral film to the flexible 
laminated films. 

The present invention will be further illustrated by certain examples which are provided for purposes of 
45 illustration only. 45 

Example 1 

Apolyethyleneterephthalatefilm (a thickness of 50u; a length of 50 cm and a width of 100 cm) was washed 
and dried and placed in a vacuum tank of a vacuum evaporation coating apparatus. The vacuum tank was 
50 evacuated to a vacuum degree of 1 0' 6 torr and the film was kept at 50°C. Two boats for evaporating sources 50 
were placed in the vacuum tank and a silver rod and tungsten oxide powder were respectively charged in 
each boat The tungsten oxide was heated at 1200°C to coat a tungsten oxide layer at a deposition speed of 
10 A/sec. whereby a tungsten oxide layer having 350 A of a thickness was formed on the polyethylenetereph- 
thalate film. 

55 The silver was heated at 1 400°C to coat a silver layer at a deposition speed of 20 A/sec. whereby a silver 55 

layer having 1 00 A is formed on the tungsten oxide layer having 350 A of a thickness. 
A tungsten oxide layer having 350 A of a thickness is further coated on the silver layer by the same 

method. The resulting infrared reflecting plastic film was sandwiched between a pair of ultraviolet absorbing 

polyvinyl butyral films having each thickness of 30 mil. (TherflexXA manufactured by Mitsubishi Monsanto 
60 Co.) The laminated films were further held between a pair of glass sheets (a thickness of 2.5 mm; a length of 60 

50 cm; a width of 100 cm) and laminated by the conventional heat-press bonding method. The po(yvinyl 

butyral film comprised benztriazole at a ratio of 3 wt.%. 
Figure 2 shows a spectral transmittance curve and a spectral reflectance curve of the resulting infrared 

reflecting laminated glass. 

65 According to a boiling test, a natural exposing tests, a weather meter test, it was confirmed that the 65 
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Infrared reflecting laminated glass had enough durability in a practical use. 
CLAIMS 

5 1 ) An infrared reflecting glass laminate having visible ray transmission of at least 70% which comprises a 5 
pair of glass sheets having between them a flexible laminate of interlayer films comprising a pair of polyvinyl 
butyral interlayer films which hold between them an infrared reflecting plastics film formed by sequentially 
coating on a plastics film (i) a tungsten oxide layer having a thickness of 180 to 500A or 1400 to 1 600A, (2) a 
silver layer having a thickness of 80 to 1 50A and (3) a tungsten oxide layer having a thickness of 180 to 500A 
10 or 1400 to 1 600A, wherein at least one of said polyvinyl butyral interlayer films includes an ultraviolet 70 
absorbent. 

2) An infrared reflecting glass laminate according to Claim 1 which has a visible ray reflectivity of less 4 
than 12%. 

3) An infrared reflecting glass laminate according to Claim 1 or Claim 2 which has a total solar radiation 

15 transmission of less than 65%. 15 

4) An infrared reflecting glass laminate according to any preceding claim wherein said polyvinyl butyral 
interlayer film having ultraviolet ray absorbancy intercepts more than 90% of ultraviolet rays having 
wavelengths of less than 3900A. 

5) An infrared reflecting glass laminate according to any preceding claim wherein said polyvinyl butyral 

20 interlayer film comprises said ultraviolet ray absorbent in an amount of 0.5 to 3 wt. % based on said film. 20 
7) A rnfrared reflecting glass laminate substantially as herein described with reference to the 
accompanying drawings. 
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